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Macromorphological and micromorphological characters of leaves, fruits, seeds, stem and
bark of Azadirachta indica A. Juss. are described and illustrated with the aim to aid in their
identification. In addition, DNA fingerprint of the plant was studied in order to aid in dif-
ferentiation between plant under study A. indica (neem) and Melia azadirachta which is
sometimes misidentified with neem.
Copyright 2013, Beni-Suef University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction report in 1992 entitled ‘Neem e a tree for solving globalGenusAzadirachta belongs to family Meliaceae which includes
600 species in 52 genera (Bailey, 1953; Reveal, 1999). The Neem
tree (Azadirachta indica A. Juss. fam. Meliaceae) is native to
India and naturalized in most of tropical and subtropical
countries are of great medicinal value and distributed wide-
spread in the world. The chemical constituents contain many
biologically active compounds that can be extracted from
neem, including alkaloids, flavonoids, triterpenoids, phenolic
compounds, carotenoids, steroids and ketones and volatile
oils. The importance of the neem tree has been recognized by
the US National Academy of Sciences, which published aahoo.com (M.A. Rabeh).
i-Suef University
sevier
13, Beni-Suef University.problems’. The advancement of neem research has earlier
been documented (Schmutterer, 1995). The biological activity
of neemhad been known for centuries, and preparations have
been used in traditional Indian medicine since ancient times.
In 1968 Butterworth and Morgan isolated azadirachtin as the
main insecticidal component of Neem (Butterworth and
Morgan, 1968), the recent work investigate the qualitative
and quantitative determination of Azadirachtin isolated from
the leaves. Qualitative estimation was carried out by thin
layer chromatographic (TLC) method. The simultaneous
determination of the Azadirachtin was carried out by
HPLC techniques (Soni et al., 2012). It has great medicinalProduction and hosting by Elsevier B.V. All rights reserved.
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inflammatory, antioxidant, antipyretic, analgesic, immunos-
timulant, diuretic, hypoglycaemic, cardiovascular, antimi-
crobial, antiviral, antimalarial and anthelmintic activities.
Various types of chemical compounds, such as diterpenoids,
triterpenoids, polyphenolics, sulphurous, and polyacetate
derivatives have been isolated from different parts of this tree
(Kapoor, 2001). It is a tree 40e50 feet or higher, with a straight
trunk and long spreading branches forming a broad round
crown; it has rough dark brown bark with wide longitudinal
fissures separated by flat ridges. The leaves are compound,
imparipinnate, each comprising 7e19 leaflets. The compound
leaves are themselves alternating with one another. It bears
many flowered panicles, mostly in the leaf axils. It produces
yellow drupes that are ellipsoid and glabrous, 12e20mm long.
Fruits are green, turning yellow on ripening, aromatic with
garlic like odor. Fresh leaves and flowers come in March-
eApril. Fruits mature between April and August depending
upon locality (Metcalfe and Chalk, 1950; Parotta, 2001; Ross
and Totowa, 2001). The aim of this work is to investigate the
detailed botanical characters of A. indica A. Juss. as very little
literature could be traced about botanical investigation of this
plant.2. Materials and methods
2.1. Plant material
Samples of A. indica A. Juss. from Agriculture research center,
Giza, Egypt were collected during October 2007. The identity of
the plant was authenticated by Prof. Dr. Monir Mohamed abd
Elgany, The Herbarium, Botany Department, Faculty of Sci-
ence, Cairo University. Herbarium was kept in Pharmacog-
nosy Department, Faculty of Pharmacy, Cairo University.
Fresh materials (leaves, stem, fruits and bark) were preserved
in ethanol 70% containing 5% glycerol and used for the
botanical study.
Freeze-dried whole young small leaves were ground
in liquid nitrogen to fine powder for DNA isolation
(Table 1).
2.2. DNA fingerprinting
DNA fingerprinting was performed in Agricultural Genetic
Engineering Research Institute using the Random Amplified
Polymorphic DNA (RAPD) technique. DNA was extractedTable 1 e The total number of RAPD-PCR fragment.
Primers
codes
RAPD fragments Monomorphic
fragments
Neem Zanzalkht
OP-CO3 12 11 6
OP-C13 6 9 3
OP-L12 16 16 6
OP-DO1 13 8 13
OP-ZO1 10 11 10
The bold indicates the most important % of polymorphism and similaritusing CTAB extraction buffer (1% N-cetyl-N, N, N trimethyl
ammonium bromide). Five oligonucleotide primers (Operon
Technologies Inc., Almeda, California, USA) were used for
analysis. Amplification of DNA was carried out in thermal
cycle, programmed as follows: one cycle at 94 C for 4 min
followed by 45 cycles of 1 min at 94 C, 1 min at 37 C, and
2 min at 72 C. The reaction was finally stored at 72 C for
10 min. PCR reactions were performed in polypropylene
tubes; according to Williams et al. (1989); containing 3 ml re-
action buffer, 3 ml MgCl2, 3 ml of each dNTPs (Pharmacia,
Sweden), 2 ml primers, 0.2 ml Taq DNA polymerase (Per-
kineElmer/Cetus, USA; advanced Biotechnologies, UK), 2 ml
template DNA, and enough sterilized water to obtain 30 ml.
PCR material was separated by horizontal electrophoresis in
a 1.5% agarose gel plate (Sigma Co.). 10 ml of each PCR product
was mixed with 3 ml loading buffer and loaded onto wells of
the gels. The gels were run at 80 V for 30 min. After electro-
phoresis the RAPD pattern was visualized by staining the gel
with ethidium bromide solution, visualized under UV light,
and photographed using a gel documentation system. RAPD
molecular weight markers (Biolab Co.) were used. The
banding profile produced by the five decamer primers is
given in Table 1.3. Results
3.1. Macromorphology
It is an evergreen tree growing in Egypt. It is fast growing tree
that can reach a height of 5e15 m, the branches are wide-
spread, the trunk is relatively short, straight and may reach a
diameter of 0.8e1.2 m, the bark is hard and the plant flowers
in May. Flowers are small, white, and fragrant. The flower is
hermaphrodite carrying both male and female organs in the
same flower.
3.1.1. The leaf (Fig. 1FeI)
Leaf is petiolate, alternate, compound imparipinnate with
7e19 leaflets and measures 38e45 cm in length. The petiole
is green in color, long and cylindrical with swollen enlarged
base. It measures 6e9 cm in length and 0.1e0.3 cm in
diameter. The rachis is long, cylindrical and green in color
measuring 15e20 cm in length and 0.15e0.3 cm in diameter.
The leaflets are opposite, petiolate, lanceolate, with serrate
margins, acuminate apex and asymmetric base having a
dark green upper surface, the lower surface is lighter inPolymorphic
fragments
Polymorphic
fragments %
Similarity
coefficient
11 64.71% 35.29%
9 75% 25%
9 60% 40%
6 31.5% 68.5%
1 9% 91%
y coefficient to be noticed in discussion in DNA fingerprinting.
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venation and the midrib is more prominent on the lower
surface. The leaflet has a papery texture and measures
3e9 cm in length and 1e3 cm in width. The petiolule is short,
cylindrical and green; it measures 0.3e0.5 cm in length and
0.01e0.05 cm in diameter. The leaflet has a faint character-
istic odor when crushed and possess an astringent bitter
taste.
3.1.2. The stem and bark (Fig. 1BeE)
The old branches are brown in color, hard, cylindrical, with
rough surfaces coveredwithmoderately thick brown bark and
1.5e3.5 m in length. The young branches are green in color,
glabrous breaking with fibrous fracture. The stem possesses a
slight characteristic odor and bitter taste.
The bark is brown in color, hard, moderately thick, curved
to channeled sometimes quill in shape, fissured gray to brown
outer bark and silvery brown inner bark, the outer bark shows
longitudinal and transverse wrinkles and fissures. The bark is
odorless and has an astringent bitter taste. It breaks with
fibrous fracture.
3.1.3. The fruits (Fig. 1J and K)
Fruits of A. indica A. Juss. are smooth, olive like drupe which
varies in shape from elongate oval to nearly roundish, edible,
and 1.2e2.0 cm length. The fruits are initially green and turn
brown on ripening. The neem trees are prolific tree, fruit
production start as early as 3e5 years and become fully pro-
ductive at 10e12 years, Epicarp: brown and thin, Mesocarp:
sweet pulp, yellowish white and slightly fibrous 0.3e0.5 cm
thick, Endocarp: white, hard inner shell of the fruits encloses
one elongated seed having brown seed coat.
3.2. Micromorphology
3.2.1. The leaf (Fig. 2AeC)
3.2.1.1. The lamina. A transverse section through the lamina
shows upper and lower epidermises enclosing a mesophyll
with isobilateral arrangement i.e.2 palisade rows in the upper
and one row at lower surfaces. The palisade consists of 2 rows
being interrupted in the midrib region by collenchymatous
cells.
3.2.1.1.1. The epidermis. The upper epidermis of the
lamina consists of polygonal, slightly axially elongated cells
with more or less straight anticlinal walls, covered with
slightly striated moderately thick cuticle having lower
number of stomata than lower surface of anomocytic type
which is slightly sunken. The lower epidermis consists of
axially elongated cells with very slightly wavy anticlinal
walls covered with faintly striated cuticle; anomocytic sto-
mata are present in the lower epidermis. Trichomes are
little which are glandular with multicellular head and uni-
cellular stalk.
3.2.1.1.2. The mesophyll. The mesophyll is isobilateral
showing a layer of palisade abutting the upper epidermis and
is discontinued in themidrib region. The palisade is formed of
2 rows of columnar, straight, thin-walled closely packed cells
containing green chloroplasts in the upper and one row inlower surfaces. The spongy tissue is formed of irregular sha-
ped parenchyma cells with wide intercellular spaces con-
taining clusters and prisms of calcium oxalate and numerous
tannin cells. Small vascular bundles of the lateral veins are
embedded within the spongy tissue.3.2.1.2. The midrib. Midrib appeared slightly biconvex in
outline being more prominent to the lower surface. The
vascular tissue of the midrib is surrounded by an almost
discontinuous ring of fibrous pericycle, it consists of a chief
arc of collateral vascular bundles and a smaller inverted
arc towards the upper side enclosing in between narrow
central pith. The upper cortical tissue of the midrib con-
sists of 3e4 rows of collenchyma cells followed by 4e6 rows
of parenchyma cells, while the lower cortical tissue con-
sists of 1 or 2 rows of collenchyma cells followed by 6e8
rows of thin walled rounded parenchymatous cells,
showing narrow intercellular spaces and containing scat-
tered calcium parenchymatous cells, showing narrow
intercellular spaces and containing scattered calcium ox-
alate clusters.3.2.1.2.1. The pericycle (Fig. 2B). The pericycle is formed of
an almost discontinuous ring of non-lignified to faintly ligni-
fied fibers surrounding the vascular bundles. The fibers are
with straight moderately thin walled and wide lumina.
3.2.1.2.2. The vascular tissue. The vascular bundles in the
midrib region are arranged in two crescent-shaped groups
forming an almost continuous ring; they show xylem towards
the pith and phloem outwards. The vascular bundles are
separated by uniseriate medullary rays which consist of
polygonal or slightly elongated cells containing tannins (green
color with ferric chloride T.S.). The phloem consists of soft
sieve elements and phloem parenchyma containing clusters
and prisms of calcium oxalate. The xylem is wholly lignified
composed of vessels and wood parenchyma traversed by
uniseriate medullary rays. The xylem vessels show spiral and
annular thickenings. The xylem parenchyma cells are rect-
angular in shape having pitted lignified walls. The cambium is
formed of several rows of tangentially elongated thin walled
cellulosic cambiform cells. The pith consists of thick-walled
pitted and lignified parenchymatous cells containing clusters
and prisms of calcium oxalate.3.2.1.3. The powdered leaf (Fig. 3). The powdered leaf is dark
green in color, faint odorwith astringent bitter taste shows the
following fragments:
1. Fragments of the upper epidermis of the leaflets showing
polygonal slightly elongated cells with straight anticlinal
walls showing anomocytic stomata (Fig. 3A).
2. Fragments of the lower epidermis of the leaflets showing
polygonal nearly isodiametric or slightly elongated cells,
having beaded slightly wavy anticlinal walls showing
anomocytic stomata (Fig. 3B).
3. Fragments of neural elongated epidermal cells (Fig. 3C).
4. Fragments of columnar, thin-walled palisade cells
(Fig. 3D).
Fig. 1 e A: Photograph of tree (X[ 0.020). B: Macromorphology of bark (X[ 0.0079). C: Macromorphology of outer and inner
bark (X[0.0079).D:Macromorphologyofold stem (X[0.295). E:Macromorphologyofbark (X[0.085). F:Macromorphologyof
leaf (X[ 0.285). G & H: Macromorphology of leaves in a tree (X[ 0.0260). I: Alternate leaves in a branch showing Pulvinous
(X[ 0.460). J: Macromorphology of the dry fruits (X[ 1.25). K: Macromorphology of the dry fruits, seed coated with hard
endocarp & dry seed (X[ 1.95).
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l.pal
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Fig. 2 eMacromorphology &Micromorphology of Azadirachta indica (leaf). A. Macromorphology of the leaf (X[ 1.0). B. T.S. in
the leaf (X [ 110). col., collenchyma; ep., epidermis; x.v., xylem vessel; Ph., phloem; par., parenchyma; u. ep., upper
epidermis; pal., palisade; l. ep., lower epidermis; per. f., pericyclic fiber; m. r., medullary ray; tan.c, tannin cell. C. Detailed
T.S. in the leaf (X [ 600). Cl. Ca, Cluster of calcium oxalate, ph., phloem; per. f., pericyclic fiber; P. Ca, Prism of calcium
oxalate; tan.c, tannin cell; l. epi., lower epidermis; u. col., upper collenchymas; l. col., lower collenchymas; X. v., xylem
vessel.; gl. H., glandular hair.
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surface of leaf (Fig. 3E).
6. Fragments of lignified xylem vessels with spiral and
annular thickening (Fig. 3F).
7. Fragments of lignified pericyclic fibers (Fig. 3G and H).
8. Scattered clusters of calcium oxalate (Fig. 3I).
3.2.2. The old stem (Fig. 4)
A transverse section in the old stem is circular in outline. It is
formed of somewhat wide cork followed by a narrow region of
secondary cortex surrounding the well developed vascular
system.
3.2.2.1. The cork. It consists of 12e15 rows of brown radially
arranged and tangentially elongated polygonal cells, having
either suberized or slightly lignified walls.
3.2.2.2. The cortex. It is formed of 10e14 rows of parenchyma
cells. Tannin cells are present characterized by their brown
content which turns to green color on staining with ferric
chloride (T.S).
3.2.2.3. The pericycle. It is formed of patches of lignified fibers
alternating with parenchymatous cells. The fibers are fusi-
form having straight or undulating walls, moderately wide to
narrow lumin and acute tapering apices.3.2.2.4. The vascular tissue. It consists of a complete ring of
collateral vascular bundles, separated by cambium and
traversed by uni- to biseriate rectangular elongated medul-
lary rays. The phloem consists of thin walled elements
formed mainly of sieve tubes, companion cells and paren-
chymatous cells. The xylem is formed of radially arranged
elements. The vessels show lignified spiral and annular.
Wood fibers are moderate in length with wide lumina,
straight or slightly undulating thin lignified walls and acute
apices. Wood parenchyma consists of rectangular cells with
lignified walls.
3.2.2.5. The pith. It is comparatively wide and consists of
rounded parenchymatous cells with lignified pitted walls and
contains calcium oxalate clusters.
3.2.3. The powdered stem (Fig. 5)
1. Fragments moderately thin walled suberized cork cells
(Fig. 5B-A)
2. Fragments of thin or thick walled parenchyma of the
cortex containing clusters and prisms of ca oxalate
(Fig. 5B-B)
3. Fragments of lignified wood fibers with straight or tortuous
undulating walls having wide lumina and acute tapering or
forked apices (Fig. 5B-C)
tan.c
l. col.
l. epi.
Cl.Ca
P.Ca
u. Col.
ph.
X. v.
Per. f.
Cl. Ca
gl. H.
C
Fig. 2 e (continued).
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Fig. 3 e Powdered leaf. A: Fragments of the upper epidermis. B: Fragments of the lower epidermis. C: Fragments of the
neural epidermis with elongated epidermal cells. D: Fragments of columnar, thin-walled palisade cells (X[ 200). E: Hair of
multicellular head and unicellular stalk in lower surface of leaf. F: Fragments of lignified xylem vessels with annular
thickening (X [ 300). G: Prisms of Ca oxalate around fibers. H: Fragments of lignified pericyclic fibers (X [ 30). I: Scattered
clusters of calcium oxalate (X [ 360).
b e n i - s u e f un i v e r s i t y j o u r n a l o f b a s i c a n d a p p l i e d s c i e n c e s 2 ( 2 0 1 3 ) 1e1 3 7
Fig. 4 eMicromorphology of Azadirachta indica (old stem) T.S. in the old stem (X[ 50). C.K, cork; per. f.; pericyclic fibers; Par,
parenchyma; phlo., phloem; x.v, xylem vessel; m.r, medullary rays; pi., pith.; tan.c., tannin cell; Cl. Ca., cluster of ca. oxalate;
P. Ca., prism of ca. oxalate.
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Fig. 5 e A: Micromorphology of Azadirachta indica (bark). T.S. in the bark (X [ 50). C.K., cork cells; Ph.par., phloem
parenchyma; m.r., medullary rays; b.f, bast fibers. (B): A: Fragments of cork cells (X [ 522). B: Fragments of thin or thick
walled parenchyma of the cortex containing clusters & prisms of ca oxalate (X[ 400). C: Fragments of pericyclic fibers with
tortuous wall and wide lumen.
Fig. 6 e Micromorphology of Azadirachta indica (fruit) T.S. in the fruit (X[ 100). Ep., epicarp; Mes., mesocarp; Scl., sclereide;
Cl. Ca ., cluster of ca oxalate; End., endocarp; S.c., seed coat; S., seed.
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A transverse section in the bark shows the cork formed of
18e25 rows followed by 2e4 rows of collenchymas followed by
15e20 rows of thin walled rounded parenchymatousFig. 7 e Powdered fruit. A: Fragments of epicarp of fruits (X [ 4
(X [ 466.6). C: Fragments of lignified sclereides in endocarp (X
patches of seed coat (X [ 500).secondary cortex. The pericycle is parenchymatous showing
patches of lignified fibers. The phloem tissue shows phloem
parenchyma containing numerous clusters and prisms of
calcium oxalate and tannin and is traversed by tri to penta66.6). B: Fragments of spiral and annular xylem vessels
[ 316.6). D: Fragments of endocarp parenchyma cells with
Table 2 e Microscopical measurements of different
organs of Azadirachta indica A. Juss. (in microns).
Item L W H D
Leaf
Upper
epidermis
28 63 79 22 53 68 21 30 41
Lower
epidermis
20 43 52 17 39 40 15 20 39
Glandular hair 53 56 58
Palisade cells 32 36 43 5 8 10
Stomata 24 26 28 18 23 27
Vessels 8 11 18
Old stem
Cork cells 41 52 62 31 35 40
Sclereides 55 58 65 30 39 44
Wood fibers 412 434 460 19 29 37
Vessels 13 18 20
Fruit
Epicarp 31 64 62 22 34 48
Sclereides 48 54 58 18 22 35
Endocarp 65 75 85
Vessels 8 9 11
Seed
Pigment cells 43 51 57 38 46 49 32 35 36
L, length; W, width; H, height; D, diameter.
Underline represent the most frequent No. in measurements (i.e.
Mode – The mode of a distribution is simply defined as the most
frequent or common score in the distribution. The mode is the
point or value of X that corresponds to the highest point on the
distribution).
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tangential bands of lignified fibers forming chequred-like
appearance. Parenchyma cells of cortex, phloem and medul-
lary rays contain little starch granules.
3.2.4.1. The cork. The cork is formed of rows of brown radially
arranged, tangentially elongated thick walled tabular cells
having suberized walls.
3.2.4.2. The cortex. It is formed of about 2e4 rows of collen-
chymas followed by 15e20 rows of thin walled nearly rounded
parenchymatous cells.
3.2.4.3. The pericycle. It is formed of patches of long lignified
fibers, lignified walls, narrow lumen (green color with ferric
chloride T.S) and occasionally starch granules.
3.2.4.4. The phloem. It is formed of soft tissues showing
mainly thin walled parenchymatous cells, sieve tubes and
companion cells and interrupted by several rows of patches of
bast fibers with moderately thick walls and narrow lumins.
Some phloem parenchyma cells contain tannin (green color
with ferric chloride T.S.)
3.2.5. The fruits (Fig. 6)
Epicarp: thick cutinized, straight walled rectangular cells.
Mesocarp: several rows of thinwalled parenchyma containing
abnormal-shaped parenchyma cells, small vascular bundles.
Endocarp: composed of lignified sclereides and clusters cal-
cium oxalate.3.2.5.1. The fruits powder (Fig. 7). The powder is brown in
color. It consists of:
1 Fragments of epicarp of fruits (Fig. 7A).
2 Fragments of spiral and annular xylem vessels (Fig. 7B).
3 Fragments of endocarp lignified sclereides (Fig. 7C).
4 Fragments of pigment cells of seed coat (Fig. 7D).
Microscopical measurements of different organs of A. indica
were performed and compiled in Table 2.3.3. DNA fingerprinting
The two plants were subjected to RAPD assay of their
genomic DNA; this was performed using five different
primers. The number of RAPD-PCR fragments indicates that
the five were reproduced. In this study, the presence of
same bands in DNA of A. indica and Melia azadirachta in-
dicates degree of taxonomical relationship between the
tested plants; also the presence of characteristic bands in
DNA of each plant may help for differentiation between
these plants. The OP-C13 primers were found to be the most
effective in generating polymorphic bands on application of
RAPD technique followed by OP-CO3 primer as compared to
the total number of RAPD fragments it generates high level
of polymorphism (Fig. 8).4. Discussion
From the previous findings, it can be concluded that the OP-
CO3 and OP-C13 primers can be used to discriminate be-
tween A. indica and M. azadirachta depending on their low
values of similarity coefficients and high level of poly-
morphism. However, the other estimated RAPD-primers,
which produce high values of similarity coefficient and
low levels of polymorphism, could be used in the identifi-
cation of these plants.5. Conclusion
A. indica A. Juss. is a Meliaceae plant originally native to India
and cultivated in Egypt. This study aimed to characterize the
plant on both the botanical and genetic levels.
A. indica A. Juss. is characterized microscopically by the
presence of hair of multicellular head and unicellular stalk
in lower surface of leaf, cluster and prisms of calcium ox-
alate, lignified pericyclic fibers of leaf, while bark and stem
shows pericyclic fibers with tortuous wall and wide lumen,
parenchyma of the cortex containing prisms & clusters of
ca oxalate in addition to cork cells. In relation to seed
lignified sclereides in mesocarp is the most characteristic
element.
The DNA ofA. indicaA. Juss. was amplified using 5 decamer
primers to reveal RAPD fragments. The results suggest the use
of primers OP-C13 andOP-CO3 for the selective discrimination
of A. indica A. Juss.
Fig. 8 e The obtained RAPD-PCR products for Azadirachta indica in comparison with Melia azadirachta using five decamer
primer. Track 1: Azadirachta indica (neem); Track 2: Melia azadirachta (zanzalkht).
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